The usefulness of the D␦2D␦3 marker for MRD study has not regions for the detection of minimal residual disease (MRD) been adequately addressed as yet.
Introduction

Southern blot analysis
The majority of acute lymphoblastic leukemia (ALL) patients are High molecular weight genomic DNA was prepared from characterized by a unique pattern of immunoglobulin (Ig) and/or cryopreserved BM and PB cells. Ten micrograms of DNA were T cell receptor (TCR) gene recombinations. 1, 2 Various PCR stradigested with BglII or HindIII, separated on 0.6% agarose gel tegies utilizing V(D)J junctions of rearranged Ig or TCR loci as and transferred on to nylon membranes (Nytran 13N; clonospecific markers have been introduced for the detection Schleicher & Schuell, Dassel, Germany). After hybridization of minimal residual disease (MRD) in ALL. Current PCR protousing the TCRDJ1 probe 1, 7 (kindly provided by Prof JJM van cols allow the reliable detection of one neoplastic cell among Dongen, Erasmus University Rotterdam, The Netherlands) the 10 4 to 10 6 normal cells and are expected to provide novel crifilters were washed and exposed on X-ray film as previously teria for the individualization of treatment modalities. 3, 4 described.
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V␦2D␦3 as well as D␦2D␦3 recombinations constitute preferential TCR␦ gene rearrangements in ALL, namely in precursor-B ALL. [5] [6] [7] Both their frequency in precursor-B ALL and
Sequence analysis of D␦2D␦3 junctions
extensive junctional diversity due to the deletion and random insertion of nucleotides at the joining sites favor the usage of these rearrangements as tumor-specific markers for the detecSequences of the primers used for amplification or sequence analysis of D␦2D␦3 junctions have been tion of MRD. 8, 9 Previous MRD studies focused on the applications of V␦2D␦3 rearrangements as allele-specific probes.
described elsewhere, [12] [13] [14] except for the D␦1-5′ primer (5′-ACTCCATGTTCAAATAGATATAGTATT-3′). To isolate D␦2D␦3 junctions for consecutive sequence analyses we used primer D␦1-5′ and the biotinylated D␦3-3′ primer. PCR, isolation of biotinylated amplification products and consecutive Correspondence: T Seriu Received 13 January 1997; accepted 28 January 1997 sequence analysis were performed as described elsewhere, 14 
Figure 1
Sequence analysis of clonal D␦2D␦3 rearrangements. Germline D␦2 and D␦3 sequences are indicated by bold letters. Lower case characters at the end of the N-regions represent P-region nucleotides. Sequences used as clonospecific probes or oligonucleotides are underlined and the detection limit of each clonospecific probe or oligonucleotide is indicated. The 5′-D␦2 RSS heptamer and the 3′-D␦3 RSS heptamer are indicated by italic letters. NS, not specific; ND not done.
except for a PCR annealing step at 56°C. All D␦2D␦3 junc-5′ oligonucleotide labeled by kinase reaction. Following hybridization, membranes were washed twice in 3 × tions were sequenced in both directions. Rearrangements on both alleles of one patient were analyzed according to Breit SSC/0.1% SDS at 50°C, and exposed for 16-24 h at −70°C using intensifying screens. et al. 13 
Sensitivity of clonospecific probes and allele-specific
Results and discussion
oligonucleotides
Southern blot analysis revealed a TCR␦ rearrangement in 108 of 172 precursor-B ALL (63%) and 19 of 29 T-ALL (66%), The detection level was determined semi-quantitatively by usage of either radiolabeled clonospecific D␦2D␦3 probes respectively. Fragments of 9.2 kb BglII and 5.9 kb HindIII upon hybridization to the TCRDJ1 probe characterize generated via PCR or allele-specific oligonucleotides (ASO) derived from the junctional region as previously described. 14 D␦2D␦3 rearrangements. 7 According to these criteria 22 D␦2D␦3 rearrangements were identified in precursor-B ALL The labeling reaction using the PCR product as a template was primed by a D␦2-specific hexanucleotide (5′-TGTGCC-3′).
(20 common ALL and two pre-B ALL). These rearrangements could be confirmed by PCR. However, none of the T-ALL cases showed D␦2D␦3 specific recombination patterns. The junctional region sequences of all D␦2D␦3 rearrange-
Detection of the signal junction in BM and PB samples obtained from healthy individuals
ments are represented in Figure 1 . Three cases (Nos 29, 78 and 110) exhibited a biallelic D␦2D␦3 rearrangement. Interestingly, in four of the 25 alleles (16%) showing a D␦2D␦3 To identify the signal junction of D␦2D␦3 rearrangements, DNA samples from ALL patients as well as a healthy individrearrangement (29a, 38, 49 and 78b), sequence analysis revealed a complete deletion of the D␦2 as well as D␦3 segual were amplified as described above. One microliter of the PCR products was used for semi-nested amplification. The ment. Moreover, no N-nucleotide insertion occurred in these junctions. Obviously the 5′ D␦2 heptamer-nonamer recombi-PCR reaction mixtures contained 30 pmol of each primer. PCR products were purified with a PCR purification kit (QIAquick nation signal sequence (RSS) recombined directly to the 3′ heptamer RSS of D␦3 (signal junction). Neither the 5′ D␦2 PCR Purification Kit; QIAGEN, Hilden, Germany). To check the amount of digested product in normal PB and BM, the heptamer nor the 3′ D␦3 heptamer RSS was affected by a trimming process. This contrasts with the involvement of the 5′ eluate from patient 38 was serially diluted in TE (Tris/EDTA) buffer. Ten microliters of each eluate were digested with heptamer RSS of the D␦2 segment in D␦2J␦1 rearrangements. 7 The detection limit of D␦2D␦3 allele-specific probes or oliApaLI, electrophoresed on 2.5% agarose gel and visualized by ethidium bromide staining. Gels were transferred on to nylon gonucleotides was tested for 19 alleles (Figure 1) and reached a detection level between 10 −4 to 10 −5 in 13/19 alleles. The membranes. Blots were hybridized for 4 h at 50°C to the D␦3-
